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TELE PHOTO OBJECT LENS 

Japanese Unexamined Patent No. Sho-62-96919 

Laid-open on: May 6, 1987 

Application No. Sho-61-102780 

Filed on: May 2, 1986 

Inventor: Nobutaka MINEFUJI 

Applicant: Asahi Optical Co., Ltd. 

Patent Attorney: Tatsuo ITAMI 



SPECIFICATION 



1 . TITLE OF THE INVENTION 
Telephoto Object Lens 

2. WHAT IS CLAIMED IS; 

Telephoto object lens composed of: from the object side, 
first and second lens groups both having positive power, wherein 

the first lens group is composed of one positive lens and 
one negative lens , the second lens group is composed of a positive 
meniscus lens whose convex surfaces are oriented to the object 
side and a negative meniscus lens whose convex surfaces are 
oriented to the object side, and the following respective 
conditions are satisfied: 
(1) 1.0<fi/f<3.0 
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(2) 0.2<d 4 /f<0.7 

(3) 0.1<|r 2 |/fi<0.7 

(4) 1.0<r 7 /r 8 <2.0 

(5) .i + >65, .i+-.i->25 

(6) d 6 /f<0.15 

(7) 10<.h+-.ii-<5° 
Herein, 

f : Focal distance of the entire system 
fl : Focal distance of the first lens group 

di: Distance between the i» surface and (i + l) th surface fro, 
the object side 

r . • Radius of curvature of the 1* surfaoe from the object side 
v„. Abbe's number of the positive lens of the first lens group 
VI : Abbe's number of the negative lens of the first lens group 
v„.. Abbess number of the positive lens of the second lens group 
. «*e. b number of the negative lens of the second lens group 



VII 



3. DETAILED DESCRIPTION OF THE INVENTION 
a Field of the Invention 

Th e present invention relates to a large-aperture telephoto 
object lens of a simple configuration and having an aperture 
ra tio of around 1 = 4, which is used for astronomical photography, 



etc . 
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b. Prior Arts and Problems thereof 

Priorly, as an optical system to be used for astronomical 
photography , a reflective telephoto lens using a Schmidt optical 
system, a super-telephoto lens for general photography, a 
short-focal-length object lens for an astronomical telescope 
or the like has been used. 

Reflective telescope lenses such as Schmidt optical systems 
can be obtained with a relatively large aperture, however, 
problems exist such that the aspherization process is difficult , 
mass-production is difficult, and cost is high, and in addition 
thereto, adjustment of the optical system is difficult, 
therefore, a high-quality image cannot be easily obtained. 

in addition, sophisticated super-telephoto lenses for 
general photography employing special low-dispersion glass, 
which have become common in recent years can be considered for 
use. These lenses are suitable for astronomical photography 
but are composed of a great number of lenses, have an internal 
focusing mechanism and a diaphragm mechanism, and are very 
expensive. 

Accordingly, short-focal-length astronomical telescope 
ob j ect lenses are of ten used as astronomical photographic lenses . 
However, priorly, chromatic aberration, spherical aberration, 
and coma aberration have been required to be sufficiently lowered 
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in astronomical telescopes, and as disclosed in Japanese 
Unexamined Patent Publication No. Sho-59-220711, for example, 
an aperture ratio of around 1 :7 is the limit, the lens is slightly 
dark for use in astronomical photography, and a tracking 
equatorial telescope is required, therefore, lenses having a 
larger aperture and a wider angle of view have been demanded. 

c. Object 

The present invention is made in view of such aspects as 
in the above and aims to provide a wide-aperture, wide-angle 
of view telephoto object lens which is composed of a small number 
of component lenses and is low in cost despite a large aperture . 

d. Construction of the Invention 

In order to achieve the aforementioned object, a telephoto 
object lens according to the present invention is composed of: 
from the object side, first and second lens groups both having 
positive power, wherein 

the first lens group is composed of one positive lens and 
one negative lens , the second lens group is composed of a positive 
meniscus lens whose convex surfaces are oriented to the object 
side and a negative meniscus lens whose convex surfaces are 
oriented to the object side, and furthermore, the following 
respective conditions are satisfied: 
(1) 1.0<fi/f<3.0 
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(2) 0.2<d 4 /f<0.7 

(3) 0.1<|r 2 |/fi<0.7 

(4) 1.0<r 7 /r 8 <2.0 

(5) -i + >65, . I+ -.i_>25 

(6) d 6 /f<0.15 

(7) 10<.n + -.n-<50 
Herein, 

f: Focal distance of the entire system 
f x : Focal distance of the first lens group 

di: Distance between the i th surface and (i+l) th surface from 
the object side 

r t : Radius of curvature of the i th surface from the object side 
vi + : Abbe's number of the positive lens of the first lens group 
vi_: Abbe's number of the negative lens of the first lens group 
vn + : Abbe's number of the positive lens of the second lens group 
VlI _: Abbe' s number of the negative lens of the second lens group 



e . Actions 

Now, respective conditions will be described. 

Condition (1) concerns a focal distance of the first lens 
group. If the lower limit of condition (1) is exceeded, power 
of the first lens group becomes excessively great, the radius 
of curvature of each surface becomes small, and thus it becomes 
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difficult to suppress spherical aberration so as to become small . 
in contrast thereto, if the upper limit is exceeded, a burden 
on the second lens becomes excessively great and also the 
telephoto ratio becomes great, thus it becomes difficult to 
suppress the entire lens length so as to become short, which 
is not preferable. 

Condition (2) concerns an air gap between the first lens 
group and second lens group. If the lower limit of condition 
( 2 ) is exceeded and the second lens group approximates the first 
lens group, it becomes difficult to satisfactorily correct, 
at the second lens group, a curvature of field which is generated 
by the first lens group basically of a tablet composition. In 
addition, the lens diameter of the second lens group becomes 
great, thus also resulting in a high cost. In contrast thereto, 
if the upper limit of condition (2) is exceeded, back focus 
becomes short, thereby causing a problem in an attachment of 
a camera, etc. 

Condition (3) is a condition for satisfactorily correcting 
spherical aberration and coma aberration in the first lens group . 
If the lower limit of condition (3) is exceeded, to correct 
the spherical aberration and coma aberration, it becomes 
necessary to reduce the radius of curvature of the third surface 
in line with the second surface, therefore, a high-order 
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spherical aberration easily occurs. In contrast thereto, if 
the upper limit is exceeded, correction of the spherical 
aberration becomes easy, whereas it becomes difficult to 
suppress secondary spectrum chromatic aberration so as to become, 
small. 

Condition (4) concerns a radius of curvature of the negative 
lens of the second lens group. If the lower limit of condition 
(4) is exceeded, it becomes difficult to suppress the Petzval 
sum so as to become small and also an insufficient correction 
of the curvature of field occurs. In contrast thereto, if the 
upper limit is exceeded, a negative Petzval sum is increased, 
which is not preferable. 

Condition (5) is a condition for correcting spherical 
aberration and chromatic aberration in a balanced manner. By 
maintaining Abbe's number of the positive lens of the first 
group at 65 or more according to condition (5), it becomes 
possible to suppress secondary spectrum chromatic aberration, 
which occurs in the first lens group, so as to become small. 
Furthermore, by maintaining the difference in Abbe's number 
between the positive lens and negative lens of the first lens 
group at 25 or more, it becomes possible to disperse the power 
of each lens to satisfy conditions for chromatic aberration 
and thus to suppress a high-order spherical aberration from 
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occurring . 

Condition (6) concerns an air gap between the positive lens 
and negative lens of the second lens group. If the upper limit 
of condition (6) is exceeded, it becomes possible to disperse 
the power of the first lens group to suppress a high-order 
spherical aberration from occurring, whereas, it becomes 
difficult to correct a curvature of field without greatly 
changing, at the second lens group, the chromatic aberration 
that has been satisfactorily corrected at the first lens group. 

Condition (7) is a condition for decreasing a chromatic 
aberration which occurs in the second lens group. The present 
invention is characterized in that secondary spectrum chromatic 
aberration is mainly suppressed so as to become small in the 
first lens group, however, by maintaining the difference in 
Abbe's number between the positive lens and negative lens of 
the second lens group at 10-50, it becomes possible to correct 
the spherical aberration and curvature of field without greatly 
changing the chromatic aberration that has been satisfactorily 
corrected at the first lens group. 

f . Embodiment 

Hereinafter, numeric value data of embodiments of the present 
invention will be shown. 

Herein, f represents a focal distance, F NO represents an 
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aperture ratio, » represents a half angle of view, r represents 
a radius of curvature of each lens surface, d represents a gap 
between the i" surface and (i+l)* surface, n represents a 
refractive index at the d-line of each lens, and v represents 
Abbe's number of each lens. 

[Embodiment 1] 

f=100.0 F NO =1:4-0 .=5.0° 

Surface No. 



1 
2 
3 
4 
5 
6 
7 
8 

f x =1.48f 
|r 2 |=0.18fi 
. I+ =81.6 
d 6 =0.03f 

[Embodiment 2] 

f =100.0 F NO =1:4.0 



r 


d 




n 


51.005 


1.750 


1. 


61340 


26 .700 


0.300 






26.694 


4.500 


1. 


,49700 


475.283 


43.089 






22.296 


2.250 


1 


.58913 


50.458 


2.705 






23.941 


5.500 


1 


.72342 


13.899 








d 4 =0.43f 








r 7 /r 8 =l-V2 








. I+ -. r _=37.8 








• -ii- =23 • 


1 







43.8 



81.6 



61.0 



37 .9 
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Surface No. 
1 
2 
3 
4 
5 
6 

7 ■ 
8 

f x =1.22f 
|r 2 |=0.42fi 
. I+ =81.6 
d 6 =0.03f 



51 .264 
-51.264 
-49 .799 
-2125.590 

24.232 

35.434 

20.466 

13.856 
d 4 =0.37f 
r 7 /r 8 =1.48 
. I+ -. r .=40.8 

• ii + -.ii-=20.0 



d 

4.501 
0.755 
1.750 
37.285 
2.251 
3.333 
5.502 



[Embodiment 3] 

f=100.0 F NO =1:4.0 .=5.0° 



Surface No. r d n 

1 76.453 3.750 1.48749 70.1 

2 -93.796 1.250 

3 -89.967 1.750 1.80518 25.4 

4 -267.477 38.808 

5 29.009 2.250 1.65160 58.5 

6 53.458 10.982 
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7 19-938 5.000 1.80518 25.4 

8 14.046 
f x =1.75f d 4 =0.39f 

|r 2 |=0.54fi r 7 /r 3 =1.42 

. I+ =70.1 . I+ -. r .=44.7 

d 6 =0.11f .ii + -.ii-=33.1 

[Embodiment 4] 

f =100.0 F NO =1:4.0 .=5.0° 

Surface No. r d n • 

1 57.456 4.800 1.49700 81.6 

2 -44.211 0.961 

3 -41.983 2.000 1.52944 51.7 

4 142.685 32.498 

5 24.973 2.776 1.49700 81.6 

6 78.233 1.073 

7 21.148 6.000 1.74950 35.3 

8 14.298 
f x =2.47f d 4 =0.32f 
|r 2 |=0.18fi r 7 /r 8 =1.48 
. I+ =81.6 . I+ -. r _=29.9 
d 6 =0.011f . II+ -.n.=46.3 
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[Embodiment 5] 

f=100.0 F NO =1:4.0 .=5.0° 



Surface No. 


r 




d 


n 






1 


54.309 


4 


.800 


1 . 49700 


8 1 . 


. 6 


2 


-36.414 


0 


.441 








3 


-35.414 


2 


.000 


1.54072 


47 . 


. 2 


4 


1106.305 


29 


.999 








5 


17.775 


2 


.325 


1.70154 


41, 


.2 


6 


28.457 


0 


.250 








7 


20.510 


3 


.750 


1.71736 


29 


.5 


8 


12.621 












f x =1.35f 


d 4 =0.30f 












|r 2 |=0.27fx 


r 7 /r 8 =1.63 












. I+ =81.6 


. I+ -. r .=34.4 












d 6 =0.003f 


. I1+ -.n-=ll. 


7 











g. Effects of the Invention 

As has been described above, a telephoto object lens of the 
present invention has a lens composition of positive, negative, 
positive, and negative, or negative, positive, positive, and 
negative, and satisfies the above-described conditions. 
Thereby, as can be understood from a comparison between the 
aberration diagrams disclosed in Japanese Unexamined Patent 
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Publication No. Sho-59-220711 and aberration diagrams of 
Embodiments 1 , 2, 3, 4, and 5 of the present invention, in contrast 
to the invention of Japanese Unexamined Patent Publication No. 
Sho-59-220711 showing an aperture ratio of 1: 6.7 and a half 
angle of view of 2.5°, a large-aperture diameter, wide-angle 
of view telephoto object lens which is composed of a small number 
of lenses, 4 lenses, is low in cost and whose aberrations are 
sufficiently small can be obtained in the present invention 
despite achievement of a large aperture diameter and a wide 
angle of view, such as an aperture ratio of 1:4 and a half angle 
of view of 5° . 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a lens, sectional diagram of Embodiment 1 of the 
present invention, Fig. 2 is a various aberrations diagram of 
Embodiment 1 of the present invention, Fig. 3 is a lens sectional 
diagram of Embodiment 2 of the present invention, Fig. 4 is 
a various aberrations diagram of Embodiment 2 of the present 
invention, Fig. 5 is a lens sectional diagram of Embodiment 
3 of the present invention, Fig. 6 is a various aberrations 
diagram of Embodiment 3 of the present invention, Fig. 7 is 
a lens sectional diagram of Embodiment 4 of the present invention , 
Fig. 8 is a various aberrations diagram of Embodiment 4 of the 
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present invention, Fig. 9 is a lens sectional diagram of 
Embodiment 5 of the present invention, and Fig. 10 is a various 
aberrations diagram of Embodiment 5 of the present invention. 
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